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(57) ABSTRACT

A fuel mjector 1s disclosed that has plural nozzle holes with
the same cross-sectional shape and can individually set the
flow rate of each nozzle hole. The fuel 1njector includes the
plural nozzle holes, a seat section positioned upstream of the
nozzle holes, a valve element that closes a valve when brought
into contact with the seat section and opens the valve when
separated from the seat section, and a circular cone tapered
from an upstream end to a downstream end and provided with
the seat section and an 1nlet opening of the nozzle holes. The
plural nozzle holes have an 1dentical shape and a shape of a
cross-section of each of the nozzle holes 1s substantially out-
of-round, the cross-section being perpendicular to a central
axis of each of the nozzle holes. The cross-section of each of
the nozzle holes 1s rotated around the central axis of each of
the nozzle holes. A rotation angle of the cross-section 1s set in
such a manner that a relationship between a conical surface of
the circular cone and the rotation angle 1s different among at
least two of the nozzle holes.

4 Claims, 9 Drawing Sheets

>
A TA
e L
T1A \\ /&' .
r ARy <%
N A=
81 84



US 8,672,239 B2

v RGN
-. ﬂ.
.._-_n._ »

el | -
JET whr -H:,

b

71~76

il .._._l_.

s T . ._F.I_ v, . L - ..ll b f.-' .-.rfl.r ._.__-_ L) -.'f ll‘l b T L -_l-_ L..-ﬂ ' l# . L™ _Jl L . L |.-J L % w Ny L -. f .
P W by - .r_..i .___Jb .y J._r L oy LR .....( J.-.. . .J-.. . .tq- s, . ..l_. LT - Ty . . -_.. , MY " Ty L .
I!I-.r.....lﬂ - .__tcﬂ L .-_..-_....r,...._. .__..__..._..n‘_r M...ﬂrj.l...uf...lﬂl-.-__..r r -...J__”._._T - .__.,.._.._14. L _..__..rfn..__h.__..ﬂ L h._.__.-.ﬂ...._.. ﬁ.“:i_.?_r_ﬂlﬂl:“wrﬂ_-i _.“u_.nm..l.“l .?iﬂuslﬁrlurm{cln.ﬂwrfiux-w-i .u_ .r-uJ” _._______._r_..u. l_r_._r_...JM_ﬁ.-_ l‘.....u._F lf.v.r ‘ L
) LY " = ....l B e -, ._.-...

=
.'

2
'-!'
’
v

...__1..,

"y
i A f.F..J... ' b

-1__-.

5
n

b,

[ L]

R S N e M

1

A
I

.f.f L]

" [ BT R FER!
._-.1.- Ly L L3 N
X\

TS
NES
?._._I_ull..

A
-y
P w

LY _.,..--u v 5,
T P 1

[ L '
-.............._- ...__r. ;..JFJ:

<
™~

Sheet 1 0of 9

Mar. 18, 2014

U.S. Patent




U.S. Patent Mar. 18, 2014 Sheet 2 of 9 US 8,672,239 B2

i ———y




U.S. Patent Mar. 18, 2014 Sheet 3 of 9 US 8,672,239 B2

FIG. 3
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1
FUEL INJECTOR

CLAIM OF PRIORITY

The present application claims priority from Japanese
Patent Application JP 2009-144871 filed on Jun. 18, 2009, the

content of which 1s hereby incorporated by reference 1nto this
application.

FIELD OF THE INVENTION

The present invention relates to a fuel mnjector for an auto-
motive iternal combustion engine.

BACKGROUND OF THE INVENTION

An clectromagnetic fuel 1njector driven by an electrical
signal from an engine control unit 1s widely used in automo-
tive internal combustion engines.

This type of fuel imjector 1s classified as either a port-
injection type or a direct-injection type. A fuel injector of the
port-injection type 1s mounted on an intake piping and injects
tuel indirectly into a combustion chamber, whereas that of the
direct-1injection type injects fuel directly 1nto the combustion
chamber.

In the fuel mjector of the direct-injection type, the spray
shape formed by the 1njected tuel determines the combustion
performance. To obtain desired combustion performance,
therefore, 1t 1s necessary to optimize the spray shape. The
spray shape optimization 1s achieved by optimizing the spray
direction and the spray penetration when the fuel 1s injected at
a specified flow rate.

Japanese Unexamined Patent Application Publication No.
2008-101499 discloses a fuel 1njector that includes a valve
element which 1s movable; a driver which drives the valve
clement; a valve seat which 1s adjacent to the valve element;
and plural orifices which are positioned downstream of the
valve seat. The plural orifices are formed 1n different angular
directions with respect to the central axis line of a nozzle of
the fuel 1njector.

It 1s known that the spray from a tuel 1injector 1s emitted
substantially 1n axial direction in which a nozzle hole 1s
machined. When the fuel injector has plural nozzle holes
(orifices), as 1s the case with the fuel injector described 1n
Japanese Unexamined Patent Application Publication No.
2008-101499, 1t 1s demanded that the accuracy of machining
in the direction of a nozzle hole be enhanced. Further, the
spray penetration correlates with the flow rate of the fuel
injected from each nozzle hole. It i1s therefore demanded that
flow rate be controlled for each nozzle hole. In addition, 1t 1s
demanded that the direction and flow rate of each spray be
individually controlled 1n order to optimize the state of an
air-fuel mixture.

The fuel injector described 1n Japanese Unexamined Patent
Application Publication No. 2008-101499 does not set the
flow rates of plural nozzle holes individually. One of the
methods to individually set the flow rates of plural nozzle
holes 1s, for instance, to vary the diameter of the plural nozzle
holes, respectively. More specifically, the flow rate of each
nozzle hole can be individually set by increasing the diameter
of a nozzle hole for higher flow rate and by decreasing the
diameter of a nozzle hole for lower flow rate.

However, 1in order to vary the diameter of the plural nozzle
holes, 1t 1s necessary to prepare tools that match the diameters
of the individual nozzle holes. In other words, it 1s necessary
to prepare plural machining tools that provide holes with a
varied diameter appropriate for desired flow rates and use the
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different machining tool to machine each of the nozzle holes.
The number of process to prepare the tools increases with an
increase 1 the number of nozzle hole sizes. Consequently, the
time required for machining setup and post-machining
inspection gets longer than when the diameters of all the
nozzle holes are same, causing an increase 1n manufacturing
cost of the fuel injector.

Further, when using different tools for machining plural
nozzle holes, 1t 1s necessary to change the employed tool or
transfer a nozzle hole formation material to a different
machining device. Therefore, the tool may be relatively dis-
placed from the material, causing a decrease 1n accuracy of
nozzle hole machining.

The present mmvention provides a fuel injector that has
plural nozzle holes with the same cross-sectional shape and
can 1ndividually set the flow rate of each nozzle hole.

[l

SUMMARY OF THE INVENTION

In the present invention, the cross-sectional shape of a
nozzle hole, that 1s, the shape of a nozzle hole 1n the cross-
section perpendicular to the central axis of the nozzle hole, 1s
substantially out-of-round. The plural nozzle holes have the
same cross-sectional shape. “The same cross-sectional
shape” means that the cross-section 1s equal not only 1n shape
but also 1n size. Each nozzle hole 1s formed so that its inlet 1s
open to a substantially conical surface whose upstream diam-
cter 1s larger than the downstream diameter. A seat section
with which a valve element comes into contact 1s configured
on the substantially conical surface, while the inlet of the
nozzle hole 1s formed downstream of the seat section.

As the cross-sectional shapes of the plural nozzle holes are
substantially out-of-round, an axis line (direction) O4 can be
defined for the cross-sectional shapes of the plural nozzle
holes. The tlow rate of fuel 1njected from the nozzle hole can
be changed by changing an angle (rotation angle) 3 that 1s
formed on a plane S by an axis line O3 and the axis line O4,
which 1s defined for the cross-sectional shape of the nozzle
hole. The plane S 1s a plane that 1s perpendicular to the central
axis ol the nozzle hole and contains the cross-section for
which the axis line (direction) O4 1s defined. The axis line O3
1s a line that 1s obtained when the center line O1 of the fuel
injector main body 1s projected onto the plane S. The flow
rates of fuel injected from the plural nozzle holes can be
individually set by individually setting the rotation angle p for
cach of the plural nozzle holes.

The individual setting of the rotation angle pp for each ofthe
plural nozzle holes can be achieved by rotating the axis line
O4 around the central axis of each nozzle hole and individu-
ally setting the rotation angle 3 for each nozzle hole. In this
instance, the rotation angle p 1s set in such a manner that the
relationship between the conical surface of a conical portion
and the rotation angle varies from each nozzle.

“Substantially out-of-round” means substantially out-oi-
round to the extent that the flow rates of fuel injected from the
nozzle holes can be individually set by changing the rotation
angle 3 1n a situation where the axis line (direction) 1s defined
for the cross-sectional shapes of the nozzle holes.

When the central direction distance (radial direction dis-
tance) from the seat section 1s defined 1n the direction of a
perpendicular line that 1s drawn from the seat section to the
central axis of the fuel injector in a situation where the plural
nozzle holes are set up as described above, changes 1n the
opening width of the nozzle holes with respect to the central
direction distance indicate that the volume of inflow varies
with the opening width as the nozzle holes are positioned so
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as to provide different opening start points, different opening
amplitudes, and different opening change rates.

In general, flow rate 1s calculated by the following equa-
tion:

Flow rate O=cAv=cA((2/p)Ap)*** Equation 1

where ¢ 1s a flow rate coefficient, A 1s a cross-sectional area,
v 1s tlow velocity, and p 1s pressure.

Firstly, when the distance between the seat section and the
opening start point decreases, the length of a gap tflow formed
by the valve element and the seat section decreases; flow path
resistance decreases; pressure loss 1s reduced. As a result, the
flow wvelocity increases. Therefore, when the distance
between the seat section and the opening start point
decreases, the flow rate into the nozzle hole opening
1ncreases.

Secondly, when the opening amplitude 1s great (that 1s, the
opening change rate 1s high) while the distance between the
seat section and the opening start point remains unchanged,
the area of a flow path to the opening enlarges to increase the
flow rate 1nto the opening.

As described above, 1t 1s possible to individually design the
flow rate of each nozzle hole by designing the opening start
point, opening amplitude, and opening change rate with
respect to the central direction distance from the seat section.
In this case, the plural nozzle holes can be machined with the
same tool, making 1t possible to reduce the manufacturing
cost and provide an mexpensive fuel injector.

The present invention can provide a fuel injector that uses
plural nozzle holes having the same cross-sectional shape and
individually sets the flow rate of each nozzle hole. As a result,
the fuel consumption and emission performance of an auto-
motive internal combustion engine can be improved, for
example. Further, a fuel injector can be provided at a signifi-
cantly reduced manufacturing cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s alongitudinal cross-sectional view 1llustrating the
overall configuration of a fuel injector according to an
embodiment of the present invention;

FIG. 2 1s alongitudinal cross-sectional view illustrating the
vicinity of an area where nozzle holes of an orifice cup are
formed;

FI1G. 3 shows nozzle hole outlets of an orifice cup viewed in
the direction of the center line of a fuel injector main body;

FIG. 4 15 a longitudinal cross-sectional view 1llustrating
only the vicinity of nozzle holes taken along the line A-A of
FIG. 3;

FIG. 5 shows the cross-sectional shape of a nozzle hole
according to an embodiment of the present invention;

FIG. 6 shows the nozzle hole outlets of an orifice cup
viewed 1n the direction of the central axis of a nozzle hole 71;

FIG. 7 shows the nozzle hole outlets of an orifice cup
viewed 1n the direction of the central axis of a nozzle hole 74;

FIG. 8 shows an orifice cup 7 viewed from a seat section
78;

FI1G. 9 1s a diagram 1llustrating the relationship between the
distance Ps from a seat line L1 and the opening width b of a
nozzle hole;

FI1G. 10 1s a graph representing the relationship among the
nozzle hole flow rate Q, the inclination angle v, and the
distance Ps by the expression QQoy/Ps;

FI1G. 11 shows an oval cross-sectional shape as an example
of the cross-sectional shape of a nozzle hole;

FIG. 12 shows a triangular cross-sectional shape as an
example of the cross-sectional shape of a nozzle hole;
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FIG. 13 shows a gourd-shaped cross-sectional shape as an
example of the cross-sectional shape of a nozzle hole; and

FIG. 14 shows a star-shaped cross-sectional shape as an
example of the cross-sectional shape of a nozzle hole.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present mmvention will now be
described with reference to the drawings.

FIG. 11s alongitudinal cross-sectional view 1llustrating the
overall configuration of a fuel injector according to an
embodiment of the present invention. The fuel injector
according to the present embodiment directly injects gasoline
or other fuel into an engine cylinder (combustion chamber).

A Tuel 1njector main body 1 includes a hollow stationary
core 2, a yoke 3, a movable element 4, and a nozzle body 5.
The yoke 3 doubles as a housing. The movable element 4
includes a movable core 40 and a movable valve element 41.
The stationary core 2, the yoke 3, and the movable core 40
constitute a magnetic circuit.

The yoke 3, the nozzle body 5, and the stationary core 2 are
welded together. The welding operation may be performed in
various manners. In the present embodiment, the nozzle body
5 and the stationary core 2 are welded together with a part of
the outer circumierence of the stationary core 2 fitted 1n a part
of the mner circumierence of the nozzle body 5. Further, the
nozzle body 5 and the yoke 3 are welded together so that the
yoke 3 surrounds a part of the outer circumierence of the
nozzle body 5. An electromagnetic coil 6 1s embedded 1n the
yoke 3. The electromagnetic coil 6 1s covered and sealed with
parts of the yoke 3, a plastic cover 23, and the nozzle body 5.

The movable element 4 1s embedded 1n the nozzle body 5
and movable 1n the axial direction. An orifice cup 7, which 1s
a part of the nozzle body, 1s welded to the leading end of the
nozzle body 5. The orifice cup 7 includes nozzle holes (ori-
fices) 71-76 to be described later and a conical surface 7A,
which has a seat section 7B.

A spring 8, an adjuster 9, and a filter 10 are embedded in the
stationary core 2. The spring 8 presses the movable element 4
against the seat section 7B. The adjuster 9 adjusts the spring
force of the spring 8.

A guide member 12 1s embedded 1n the nozzle body 5§ and
in the orifice cup 7 to guide the axial movement of the mov-
able element 4. The guide member 12 1s fixed to the orifice
cup 7. Another guide member 11 1s employed to guide the
axial movement of the movable element 4 near the movable
core 40. The movable element 4 1s guided along the axial
direction by the guide member 11 and the guide member 12
which are arranged one above the other.

The valve element (valve rod) 41 according to the present
embodiment 1s of a needle type with a tapered end. Alterna-
tively, the valve element 41 may have a sphere at its leading
end.

A fuel passage 1n the fuel injector 1s composed of the inside
of the stationary core 2, plural holes 13 provided for the
movable core 40, plural holes 14 provided for the guide
member 11, plural lateral grooves 15 provided for the guide
member 12, and the conical surface 7A including the seat
section 7B.

The plastic cover 23 1s provided with a connector 23 A for
supplying an excitation current (pulse current) to the electro-
magnetic coil 6. A part of a lead terminal 18 msulated by the
plastic cover 23 1s located 1n the connector 23A.

When an external drive circuit (not shown) excites the
clectromagnetic coil 6 in the yoke 3 via the lead terminal 18,
the stationary core 2, yoke 3, and movable core 40 form a
magnetic circuit so that the movable element 4 1s magneti-
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cally attracted toward the stationary core 2 against the force of
the spring 8. In this instance, the valve element 41 leaves the
seat section 7B to open the valve. As a result, the fuel in the
tuel 1njector main body 1, which 1s already pressurized (to 1
MPa or higher) by an external high-pressure pump (not
shown), 1s 1njected from the nozzle holes 71-76.

When the electromagnetic coil 6 1s de-energized, the spring
8 presses the valve element 41 against the seat section 7B to
close the valve.

The structures of the orifice cup 7 and the nozzle holes
71-76, which are parts of the nozzle body, will now be
described with reference to FIG. 2. FIG. 2 1s a longitudinal
cross-sectional view illustrating the vicinity of an area where
the nozzle holes 71-76 of the orifice cup 7 are formed 1n the
tuel injector main body 1. It should be noted that the nozzle
hole 71 and the nozzle hole 74 are shown 1n FIG. 2.

A convexly curved section 7C 1s formed on the outer sur-
face of the leading end of the orifice cup 7. The conical surface
7A containing the seat section 7B 1s formed on the opposite
inner surface ol the convexly curved section 7C. In the present
embodiment, the convexly curved section 7C 1s spherically
tormed. The orifice cup 7 1s provided with the plural nozzle
holes 71-76. The number of nozzle holes can be determined as
desired. In the present embodiment, the orifice cup 7 1s pro-
vided with s1x nozzle holes 71, 72, 73, 74, 75, and 76. Inlets
71A-76A of the nozzle holes 71-76 are open 1n the conical
surface 7A and arbitrarily positioned downstream of a seat
line L1 of the seat section 7B.

The convexly curved section 7C 1s provided with concave
sections (countersinks) 81, 82, 83, 84, 85, and 86. The con-
cave sections have a circular opening whose center line coin-
cides or substantially coincides with the center line O2 of the
nozzle holes 71-76.

The diameters of the concave sections 81-86 are larger than
the maximum diameters of the nozzle holes 71-76. The bot-
tom surfaces of the concave sections 81-86 are respectively
perpendicular or substantially perpendicular to the center
lines O2 of the nozzle holes and the center lines of the concave
sections 81-86. Outlets 71B-76B of the nozzle holes 71-76
are open 1n the bottom surfaces of the concave sections 81-86.
In other words, the outlets 71B-76B are positioned toward the
convexly curved section 7C.

The nozzle hole length, which 1s expressed by the distance
between the inlets 71A-76A and outlets 71B-76B of the
nozzle holes 71-76, 1s a factor that determines the length of
penetration of the mjected fuel spray (the spray penetration).
The lengths of the nozzle holes 71-76 can be optimally set by
appropriately changing the depths of the concave sections
81-86 without changing the thickness of the onifice cup 7.
This makes 1t possible to optimize the spray shape of the
injected fuel and facilitate the machining of the nozzle holes
71-76. Further, as the thickness of the orifice cup 7 1s not
needed to be changed in accordance with the nozzle hole
length, the rigidity of the orifice cup 7 can be maintained. The
orifice cup 7, structured as described above, 1s suitable for a
tuel injector of a high fuel pressure type that achieves a tuel
injection pressure of 10 MPa or higher.

Each of the nozzle holes 71-76 has a different depth of the
concave section from others. Thus, the nozzle hole length also
varies from one nozzle hole to another. Further, the inclina-
tion angle between neighboring nozzle holes of the nozzle
holes 71-76 also varies from one nozzle hole to another. That
1s, the nozzle hole inclination angle 0 relative to the center line
O1 of the fuel 1injector main body 1 (the angle between the
center line O1 of the fuel 1njector main body 1 and the center
line O2 of each nozzle hole) varies from one nozzle hole to
another. The nozzle holes can be oriented in various direc-
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tions depending on engine specifications. For instance, in the
mounting of the fuel 1njector 1n an engine, one nozzle hole 1s
set to point toward an 1gnition plug (not shown); some other
nozzle holes are set to point toward the top of the piston (not
shown); and the remaining nozzle holes are set to point
toward the middle between the 1gnition plug and the piston.

Formation of the nozzle holes 1s performed according to
the following process. First of all, a blank to become the
orifice cup 7 1s fixed. The convexly curved section 7C 1is
betorehand formed 1n the blank by cutting, press punching, or
other ways. The blank 1s press punched using a punch so that
the concave section 81 1s formed 1n a blind hole shape by
extrusion from the convexly curved section 7C. Then a blind
hole to be the nozzle hole 71 1s formed, using a punch for
forming the nozzle hole 71, by extrusion from the bottom
surface of the concave section 81 1n the direction perpendicu-
lar to the bottom surface. The press punching during the
formation of the concave section 81 and nozzle hole 71 1is
performed to provide the inclination angle with a correction
amount. The nozzle hole 71 1s completed subsequently by
cutting process to form the conmical surface 7A, which con-
tains the seat section (valve seat) 7B, on a surface opposite to
the surface on which the atorementioned extrusion of the
blank was performed. The remaining concave sections 82-86
and nozzle holes 72-76 are formed 1n the same manner.

Parameters for setting the nozzle hole will now be
described with reference to FIGS. 3 to 7.

FIG. 3 shows the outlets 713-763 of the nozzle holes 71-76
of the orifice cup 7 viewed 1n the direction of the center line
O1 of the fuel mnjector main body 1. As shown in FIG. 3, the
X-axis and Y-axis are defined. More specifically, the X-axis
and Y-axis are on a plane perpendicular to the center line O1
of the tuel injector main body 1, passing through the center of
the orifice cup 7, and being orthogonal to each other. In the
present embodiment, an axis line O3, which 1s obtained when
the center line O2 of the nozzle holes 71, 74 1s projected onto
the X-Y plane, 1s superposed over the X-axis. To facilitate
understanding, however, the axis line O3 1s slightly displaced
from the X-axis 1 FIG. 3. In FIG. 3, the angles formed
between the Y-axis and the central axes O3 of each nozzle
hole are variously designated. More specifically, the angle
between the Y-axis and the central axis O3 of the nozzle hole
71 1s designated as ol; the angle between the Y-axis and the
central axis O3 of the nozzle hole 72 1s designated as a.2; the
angle between the Y-axis and the central axis O3 of the nozzle
hole 73 1s designated as ¢.3; the angle between the Y-axis and
the central axis O3 of the nozzle hole 74 1s designated as a4,
the angle between the Y-axis and the central axis O3 of the
nozzle hole 75 1s designated as ¢.5; and the angle between the
Y-axis and the central axis O3 of the nozzle hole 76 1s desig-
nated as a6.

FIG. 4 1s a longitudinal cross-sectional view illustrating
only the vicinity of the nozzle holes 71, 74 taken along the line
A-A of FIG. 3. That 1s, FIG. 4 shows the nozzle holes 71, 74
on the cross-section taken along the line A-A (the A-A cross-
section) 1n FIG. 3. The line A-A coincides with the X-axis of
FI1G. 3. The central axes O2 of the nozzle holes 71, 74 exist on
the A-A cross-section. The angle formed between the center
line O1 of the fuel mnjector main body 1 and the central axis
02 of the nozzle hole 71 1s designated as 01, whereas the
angle between the center line O1 and the central axis O2 of the
nozzle hole 74 1s designated as 04. Similarly, the angles
between the center line O1 and the central axes of the nozzle
holes 72,73, 75, and 76 are designated as 02, 03, 05, and 06,
respectively.

In the present embodiment, the cross-section (transverse
cross-section) perpendicular to the central axes O2 of the
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nozzle holes 71-76 has an elliptical shape as shown 1n FIG. 5.
The long axis of the nozzle hole 1s defined as an axis line O4.
As far as the transverse cross-sectional shape of anozzle hole
1s substantially out-of-round, as 1s the case with the alore-
mentioned elliptical cross-section, the orientation of the
transverse cross-sectional shape can be defined on a plane
perpendicular to the central axis O2 of the nozzle hole. In the
case¢ ol the aforementioned elliptical cross-section, for
example, the transverse cross-sectional shape has a long axis
direction and a short axis direction. Therefore, the long axis
direction (the direction of the axis line O4) can define the
orientation of the transverse cross-sectional shape on the

plane perpendicular to the central axis O2 (see a plane S71 in
FIG. 6 and a plane 5874 1n FIG. 7), for instance.

FI1G. 6 shows the outlets 71B-76B of the nozzle holes 71-76
of the orifice cup 7 viewed 1n the direction of the central axis
O2 ofthe nozzle hole 71. FIG. 7 shows the outlets 71B-76B of
the nozzle holes 71-76 of the orifice cup 7 viewed in the
direction of the central axis O2 of the nozzle hole 74. In FIG.
6, the plane S71 1s defined as a plane perpendicular to the
central axis O2 of the nozzle hole 71 and containing the
cross-section of the nozzle hole 71. Further, the axis line OS5
1s defined as an axis line that 1s obtained by projecting the
center line O1 of the fuel injector main body 1 onto the plane
S71. An angle (rotation angle) formed on the plane S71
between the axis line O4, which indicates the direction of the
cross-sectional shape of the nozzle hole 71, and the axis line
OS5 1s designated as the angle 31. In the present embodiment,
31=0°. In FIG. 7, the plane S74 1s defined as a plane perpen-
dicular to the central axis O2 of the nozzle hole 74 and
contains the cross-section of the nozzle hole 74. An angle
(rotation angle) formed between the axis line O5, which 1s
obtained by projecting the center line O1 of the fuel mjector
main body 1 onto the plane S74, and the axis line O4, which
indicates the direction of the cross-sectional shape of the
nozzle hole 74, 1s designated as the angle [34. In the present
embodiment, p4=90°. As the angle 31 and the angle 34 are
different from each other, the tlow rates of the injected fuel are
set to differ between the nozzle hole 71 and the nozzle hole
74.

The angle 1 for the nozzle hole 71 1s set to 0°. Therefore,
when the axis line O4 of the nozzle hole 71 1s projected onto
the conical surface 7A, the axis line O4 coincides with the
generatrix of the conical surface 7A. The angle 34 for the
nozzle hole 74 1s set to 90°. Theretfore, when the axis line O4
of the nozzle hole 74 1s projected onto the conical surface 7A,
the axis line O4 extends along the circumierential direction of

the conical surface 7A.
As for the nozzle holes 72,73, 75, and 76, planes S72, S73,

S75, and S76 (not shown), can be defined, as 1s the case with
the planes S71 and S74. The planes S72, 873, 8§75, and 576
are perpendicular to the central axes O2 of the nozzle holes
72,73,75, and 76, respectively, and contain the cross-section
of the nozzle holes 72, 73, 75, and 76, respectively. In addi-
tion, the axis line O35 can be defined as a line obtained by
projecting the center line O1 of the fuel 1njector main body 1
onto these planes. Further, angles (rotation angles) formed on
these planes S72, S73, 875, and S76 between the axis line O3
and the axis lines O4, which indicate the directions of the
cross-sectional shape of the nozzle holes 72, 73, 75, and 76,
respectively, can be defined as angles p2, 33, 5, and (6,
respectively.

When the cross-sectional shape of the nozzle holes 71-76 1s
substantially out-of-round and the cross-section (or axis line
O4) of the nozzle holes 71-76 1s rotated around the central
axis O2 of the nozzle holes 71-76, the relationship between
the conical surface 7A and the opening surface of the nozzle
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holes 71-76 varies with the angle of such rotation as described
above. Conversely, the relationship between the conical sur-
face 7A and the opeming surface of the nozzle holes 71-76 can
be varied by setting the rotation angles 31-f6 of the nozzle
holes 1 such a manner that the relationship between the

conical surface 7A and axis line O4 varies among the nozzle
holes 71-76.

When at least one of the rotation angles (31, 2, 3, 34, P53,
and p6 differs from the others, the nozzle hole with different
rotation angle p has different flow rate from the other nozzle
holes have. It goes without saying that all the nozzle holes
71-76 may have different rotation angles from each other.
More specifically, each of the flow rates of the nozzle holes
71-76 can be individually set by setting each of the rotation
angles 31-p6, respectively.

The present embodiment assumes [3|=90°. Each of the
flow rates of the nozzle holes can be set by setting the above-
described parameters (0, o, and 3) and the nozzle hole length
on an individual nozzle hole basis.

FIG. 8 shows the orifice cup 7 viewed from the seat section
7B. The symbol Ps denotes the distance from the seat line L1
in the direction of a perpendicular line drawn from the seat
line L1 formed by the seat section 7B to the center line O1 of
the fuel mjector main body 1. The symbol b denotes the
nozzle hole opening width (the length 1n the direction per-
pendicular to the distance direction) that varies with the dis-
tance Ps from the seat line LL1. FIG. 9 shows the relationship
between the distance Ps and the nozzle hole opening width b.

In the case of the nozzle hole 71, for example, the opening
start point 1s designated as Ps1; the distance to the maximum
opening width part 1s designated as Psmax; and the maximum
opening width 1s designated as blmax. In this instance, as
shown 1n FIG. 9, the angle formed between the Ps axis (the
horizontal axis) and a line segment from the start point (Psl,
0) to the maximum point (Psmax, blmax) of the opening
width b 1s designated as v1. Similarly, 1n the case of the nozzle
hole 74, the angle formed between the Ps axis and a line
segment from the start point (Ps4, 0) to the maximum point
(Psmax, b4dmax) of the opening width b 1s designated as y4. It
1s obvious that the nozzle holes 71 and 74 differ in the opening
start point (Ps1 and Ps4) and inclination angle v (vl and v4)
when their rotation angles {3 are different (1=34). If the
inclination angle vy 1s large, the opening area for inflow 1nto the
nozzle hole drastically enlarges, thereby increasing the rate of
inflow 1nto the nozzle hole. In other words, the nozzle hole
flow rate QQ 1s proportional to the inclination angle v.

Further, the nozzle hole flow rate Q varies with the position
of the opening start point. If Ps 1s large, the flow path between
the seat section and the nozzle hole opening i1s long. There-
fore, as Ps increases, the fluid resistance increases and the
flow rate Q decreases. In other words, the nozzle hole flow
rate Q 1s inversely proportional to Ps.

Consequently, the relationship among the nozzle hole tlow
rate Q, the inclination angle v, and the distance Ps can be
expressed by the expression Qoy/Ps. FIG. 10 1s a graph
representing this relation. In the present embodiment, the
flow rate of the nozzle hole 71 1s greater than that of the nozzle
hole 74.

In the present embodiment, the cross-sectional shapes of
the nozzle holes 71-76 are substantially out-of-round so that
the angles (rotation angles or orientations) 31-6 of the axis
lines of the cross-sectional shapes of the nozzle holes 71-76
are individually set for the plural nozzle holes 71-76. In other
words, the angles (rotation angles) 31-p6 are individually set.
Theangles 31-[6 are formed between the axis line O35 and the
axis line O4. The axis line OS5 1s obtained by projecting the
center line O1 of the fuel injector main body 1 onto the planes
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S71-S76 that are perpendicular to the central axis O2 of the
nozzle holes 71-76 and contain the cross-section of the nozzle
holes 71-76. The axis line O4 defines the directions of the
cross-sectional shapes of the nozzle holes 71-76. Therelore,
the tflow rates of the fuel injected from the nozzle holes 71-76
can be mdividually set. “Substantially out-of-round” means
substantially out-of-round to the extent that the tlow rates of
the fuel injected from the nozzle holes can be individually set
by changing the rotation angle {3 in a situation where the
direction of the cross-sectional shapes of the plural nozzle
holes can be defined.

The aforementioned embodiment assumes that the cross-
sectional shapes of the nozzle holes are elliptical. As
described above, however, the present invention 1s applicable
to a situation where the cross-sectional shapes are substan-
tially out-of-round. Therefore, the present invention 1s also
cifective when, for 1nstance, the cross-sectional shape 1s oval
as shown in FIG. 11, triangular as shown in FIG. 12, gourd-
shaped as shown 1n FI1G. 13, star-shaped as shown in FIG. 14,
or of a shape having an outline that has two or more 1dentical
radn or different radii.

The nozzle hole shapes according to the above-mentioned
embodiments can be formed by press punching (press work-
ing). The manufacturing cost of the nozzle holes 1s substan-
tially equal to a case where the nozzle holes have truly circular
shapes. The flow rates can be easily optimized by controlling
the rotation angles p of the nozzle holes. Theretfore, the manu-
facturing cost can be significantly reduced compared to when
nozzle holes are formed 1nto plural shapes by machining.

The manufacturing method of the nozzle hole 1s not limited
to press punching. For instance, an electro-discharge machin-
ing, edging, or laser machining may be employed, using the
same tool, in the manufacturing. In such an alternative case,
too, the manufacturing cost can be reduced because there 1s
no need to prepare plural tools that are employed to machine
the plural nozzle hole shapes.

What 1s claimed 1s:

1. A fuel mjector for an automotive internal combustion
engine, comprising:

a plurality of nozzle holes;

a seat section positioned upstream of the nozzle holes;

a valve element that closes a valve when brought into
contact with the seat section and opens the valve when
separated from the seat section; and

a circular cone that i1s substantially conical i shape,
tapered from an upstream end to a downstream end, and
provided with the seat section and an 1inlet opening of the
nozzle holes,

wherein the plurality of nozzle holes have an identical
shape and a shape of a cross-section of each of the nozzle
holes 1s substantially out-of-round, the cross-section
being perpendicular to a central axis of each of the
nozzle holes, and

wherein the cross-section of each of the nozzle holes 1s
rotated around the central axis of each of the nozzle
holes; a rotation angle of the cross-section 1s set 1n such
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a manner that a relationship between a conical surface of
the circular cone and the rotation angle 1s different
among at least two of the nozzle holes; and

wherein a first axis line 1s formed by projecting a center line
of a fuel injector main body onto a plane, the plane
contains the cross-section and 1s perpendicular to the
central axis of each of the nozzle holes; a second axis
line 1s defined for the cross-section of each of the nozzle
holes; angle 3 1s formed by the first axis line and the
second axis line on the plane; at least two of the nozzle
holes differ 1n the angle f3.

2. The fuel injector according to claim 1,

wherein a direction of a perpendicular line 1s defined as a
direction from the seat section to the center line of the
fuel injector main body; distance from the seat section to
an opening start point of each of the nozzle holes 1n the

direction of the perpendicular line 1s different among at

least two of the nozzle holes.

3. The fuel 1njector according to claim 2,

wherein maximum width of an opening of each of the
nozzle holes and distance from the opening start point to
a point at which the width of the opening 1s maximum 1n
the direction of the perpendicular line 1s different among
at least two of the nozzle holes.

4. A fuel myjector for an automotive mternal combustion

engine, comprising:

a plurality of nozzle holes;

a seat section positioned upstream of the nozzle holes;

a valve element that closes a valve when brought into
contact with the seat section and opens the valve when
separated from the seat section; and

a circular cone that 1s substantially conical in shape,
tapered from an upstream end to a downstream end, and
provided with the seat section and an inlet opening of the
nozzle holes,

wherein the plurality of nozzle holes have an identical
shape and a shape of a cross-section of each of the nozzle
holes 1s substantially out-of-round, the cross-section
being perpendicular to a central axis of each of the
nozzle holes, and

wherein the cross-section of each of the nozzle holes 1s
rotated around the central axis of each of the nozzle
holes; a rotation angle of the cross-section 1s set 1n such
a manner that a relationship between a conical surface of
the circular cone and the rotation angle 1s different
among at least two of the nozzle holes, and

wherein a direction of a perpendicular line 1s defined as a
direction from the seat section to the center line of the
fuel injector main body; distance from the seat section to
an opening start point of each of the nozzle holes 1n the
direction of the perpendicular line 1s different among at

least two of the nozzle holes.
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